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ABSTRACT 



A visual presentation of a simulated communication unit 
moving through a wireless communication system is com- 
bined with an audio presentation of speech that a user would 
hear (311) if the user were placed in the same radio envi- 
ronment In addition, both audible and visual indicia of RF 
interference may also be provided (107, 109), with or 
without audio playback, to aid in designing around interfer- 
ence sources and their intensities. A set of error masks and 
corresponding audio files are created (305), wherein each 
file contains the same audio track, but based on speech error 
masks created at different vehicle speeds and signal to noise 
ranges. Real-time playback of the audible signal with noise 
is useful in planning for particular needs of a wireless 
communication system planner. 

14 Claims, 3 Drawing Sheets 
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DISPLAY OF GEOGRAPHIC LOCATIONS 
WITH CORRELATED SIGNAL QUALITY 
MEASUREMENTS 

FIELD OF THE INVENTION 

This invention relates to radio frequency (RF) communi- 
cation systems, including but not limited to tools for plan- 
ning RF communication systems. 

BACKGROUND OF THE INVENTION 

Cellular systems are known. Hie complexity of cellular 
systems has reached a level where by planning and opti- 
mizing of these systems to achieve a high level of call 
quality is an overwhelming task. To provide the ability to 
plan, parameterize, and control these systems, system mod- 
eling tools have been developed. Because of the large 
amounts of data produced by these modeling tools, it is 
necessary to use scientific visualization to view the progres- 
sion of calls in the cellular system being modeled. There is. 
however, only so much that the human eye can see in a 
rapidly changing environment 

Many signal quality measurements, including signal to 
noise ratio, carrier to interference ratio, bit error rate, and so 
forth, are currently available for use in planning and con- 
trolling design of cellular systems. Such measurements, 
however, are merely abstract numbers and in a large com- 
munication system, provide little assistance to a customer or 
system planner in determining how exactly the user will 
perceive audio quality at that point, Le.. whether or not the 
system will provide adequate sounds at that particular point 
in the system. Further, the variable of speed of travel of the 
cellular telephone makes more difficult the determination of 
the relationship between the signal quality measurements 
and the audio quality. 

In addition, cellular systems today are very often inter- 
ference limited, which phenomena becomes even more 
obvious as cell sizes become smaller. In microcellular 
systems, frequency planning to avoid interference is par- 
ticularly challenging To make it feasible to evaluate a 
frequency plan, cellular system simulation tools are neces- 
sary to quickly assess the viability of a frequency plan to 
avoid unacceptable interference. 

Accordingly, there is a need for a method of providing 
meaningful presentation of signal quality measurements for 
the purpose of designing cellular and other communication 
systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a display of a map showing 
geographic locations and interference in accordance with the 
invention. 

FIG. 2 is a flowchart showing method of providing a 
display with a signal quality measurement in accordance 
with the invention. 

FIG. 3 is a flowchart showing method of providing an 
audio playback in addition to a visual display in accordance 
with the invention. 

FIG. 4 is a flowchart showing method of providing indicia 
of a signal quality measurement that is an interference 
measurement in accordance with the invention. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The following describes an apparatus for and method of 
a combination of a visual presentation of a simulated com- 
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munication unit moving through a wireless communication 
system with an audio presentation of speech that a user 
would hear if the user were placed in the same radio 
environment In addition, both audible and visual indicia of 

5 RF interference may also be provided, with or without audio 
playback, to aid in designing around interference sources 
and their intensities. A set of error masks and corresponding 
audio files are created, wherein each file contains the same 
audio track, but based on speech error masks created at 

10 different vehicle speeds and signal to noise (S/N) ranges. 
The signal quality measurement, geographic location, and or 
interference measurement are stored together, such that by 
highlighting the particular geographic location on the map. 
for example by highlighting an object such as a simulated 

15 communication unit at the particular geographic location, 
the corresponding audible signal with noise, audible inter- 
ference equivalent, and or visual interference designation 
may be shown or audiblized with the map at the same time 
the geographic location is highlighted on the map. Real-time 

20 playback of the audible signal with noise provides a wireless 
communication system planner with additional interference 
and/or audio quality information to use in the optimization 
of a system. 

A method of the present invention comprises the steps of 
25 from a receiver moving at a first speed, determining at least 
one signal quality measurement from a signal received at a 
first geographic location. A map is displayed, including the 
first geographic location. The first geographic location is 
highlighted on the map while providing an indication of the 
30 at least one signal quality measurement The first geographic 
location may be highlighted on the map as an object such as 
a simulated communication unit at the first geographic 
location. 

An alternative embodiment further comprises producing a 

33 error mask from the at least one signal quality measurement 
and the first speed. The error mask is combined with an 
error-free audio signal yielding a corrupted audio signal as 
the at least one signal quality measurement. The first geo- 
graphic location is highlighted on the map, for example, by 

40 highlighting an object such as a simulated communication 
unit, while the corrupted audio signal is played 

In another alternative embodiment the at least one signal 
quality measurement is an interference measurement of a 

45 source of interference. 

The indication of the at least one signal quality measure- 
ment may be provided as a visual signal emitting from the 
source of the interference. The indication of the at least one 
signal quality measurement may be provided as an audible 

50 sound that increases in intensity as the interference 
increases. 

A diagram of a display of a map showing geographic 
locations and interference as well as interference sources is 
shown in FIG. 1. The display may be provided on a screen 

55 for a computer, such as a Silicon Graphics INDIGO 2 
Workstation, with XZ or IMPACT graphics capability, and 
is available from Silicon Graphics. The current geographic 
location is selected by the user. In the preferred embodiment 
the geographic location is chosen by selecting a simulated 

60 communication unit that is present at the geographic loca- 
tion. The simulated communication unit is selected because 
the user wishes to have RF conditions at the geographic 
location presented to the user in a desired manner For 
example, the user may place a cursor on the screen over a 

65 geographic location on a map and click with a mouse to 
select the geographic location. In the preferred embodiment 
the user selects by clicking 'with a mouse on a simulated 
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communication unit at a geographic location on the map. for In addition, the user has a choice of selecting an audible 

example, in an area of the system that is suspect for interference presentation using a third button 109. A rhyth- 

interference. In the preferred embodiment, it is optional to mical sound, such as rain falling or a drum tapping, may be 

display on the map only simulated communication units that played as the highlighted visual indicia 101 moves through 

exhibit RF conditions below a quality threshold. 5 the system As the interference increases, the intensity of the 

The geographic location (or communication unit, as both rhythmical sound increases, either by more rain drops falling 

are crossindexed) is looked up in a table, which table in the same period of time or more taps on the drum 

includes rate of speed and signal quality measurements, such occurring in the same period of time, or by an increase in the 

as signal to noise ratio, bit error rate, interference loudness of the rhythmical sound, such as the rain or the 

measurements, and so forth for the simulated communica- 1Q drum tapping 

(ion unit at the desired geographic location. The data in this \ method of providing a display with a signal quality 

table may be assembled from data collected over a period of measurement is shown in the flowchart of FIG. 2. At step 

time, and therefore may represent multiple samples of signal 201, a signal quality measurement and speed are determined 

quality measurements and various speeds at a series of for a particular geographic location. At step 203, a map is 

geographic locations This data collection may be comprised dsp^y^ including the geographic locations of one or more 

of field measurements and/or simulated measurements. s^aitf communication units. At step 205. a simulated 

The particular geographic location selected by the user is communication unit at the geographic location is highlighted 

highlighted. For example, the geographic location (or simu- on ^ ^ ^ m ^cation of the signal quality 

lated commumcation unit) is displayed as a specially colored measurem X nt At stc 2 ^ tf mere m mQrc loc8lSoils to ^ 

or blinking object such as a . bght a verucle , a^ir^mca- y &c ^ m omawisc mc 

tion handset or other visual indicia 101. In the preferred zu *^ r 

embodiment, the geographic location is highlighted as a pxxxss ends 

simulated communication unit. Optionally, an arrow 103 A method of providing an audio playback in addition to a 

may be placed in close proximity to the visual indicia 101 to visual display is shown in the flowchart of FIG. 3. At step 

indicate what direction the user may be going, as selected by 301. a signal quality measurement and speed are determined 

the user of the map. In the preferred ernbodiment, as shown 25 for a simulated communication unit at a particular geo- 

in FIG. 1. the user has three options of presentation of the graphic location. In the preferred embodiment, the signal 

signal quality measurements. A first button 105 selects an quality measurement is a signal to interference plus noise 

audible playback, which is an error-tree audio signal that is measurement, although other signal quality measurements 

combined with a noise signal in the form of an error mask, such as bit error rate, frame error rate, received signal 

The error mask is comprised of data taken from field or 30 strength indication, mid-amble correlation level synchroni- 

siroulated determinations of signal quality measurements zation words or block error rate may also be used. At step 

made as a cx>rnmunication unit such as a cellular telephone, 303, if there are more locations to be viewed, the process 

two-way radio, and so forth, travels through the geographic continues with step 301, otherwise the process continues 

locations represented on the map. The signal quality mea- with step 305. At step 305, an error mask is produced from 

surements are stored in a measurement table along with the 35 the speeds and signal quality measurements taken, as cor- 

speed of the vehicle and the particular geographic location related with the geographic locations at which the speeds 

at which the measurement was taken. At each time step and signal quality measurements were taken. At step 307, 

interval (e.g., every 480 ms or every second), information the error mask is combined with an error free audio signal 

such as vehicle speed and S/N are stored for use in future yielding a corrupted audio signal At step 309, a map is 
playback. Later, an error free audio signal is combined with 40 displayed including a simulated communication unit at a 

the error mask yielding a corrupted audio signal. particular geographic location At step 311, the simulated 

Io the preferred erribodiment the corrupted audio signal communication unit at the particular geographic location is 

may be played back in real time, as the visual indicia 101 highlighted on the map while playing the corresponding part 

moves along the map through the locations where the data of the corrupted audio signal The corresponding part of the 
in the error mask was taken. For example, if a series of signal 4s corrupted audio signal is the part of the signal that is created 

quality measurements was taken at 30 irules per hour on using the error mask that was determined by field or simu- 

Main Street from Oak Street to Maple Street while the lated data corresponding to the geographic location that is 

communication unit travels northbound, the error mask is highlighted at step 311. If there are more locations to be 

played back as the visual indicia 101 moves from Oak Street shown at step 313, the process continues with step 309. other 
to Maple Street on Main Street in a northbound direction on 50 wise the process ends. The geographic location may be 

the map. at a rate proportional to 30 miles an hour, relating shown as a moving highlighted visual indicia 101 that 

the scaling factor of the street to the map. travels, proportional to the ratio of the map to the actual 

Another option available to the user of this display map is geographic locations, at the same speed as the communica- 

a visual presentation of an interference signal, as may be tion unit was travelling when information in the error mask 
selected by a second button 107. If the visual interference 55 was taken. As a result by moving the cursor or visual indicia 

option is selected, a visual indication is emitted from a 101 through the communication system at the speed the data 

source of the interference, such as a base station 111 or was taken, one can hear what audio would sound like as if 

another communication unit 113, along with an indicia of the one were actually driving through that particular area at that 

intensity of the interference from the source 111 or 113 in a speed. 

direction toward the highlighted location 101. A higher 60 A method of providing indicia of a signal quality mea- 
intensiry of interference may be shown by larger indicia that surement that is an interference measurement is shown in the 
may also be more closely spaced, here shown as small flowchart of FIG. 4. At step 401. an interference measure- 
circles that emit from the interference source toward the ment and speed are determined for a particular location as 
location 101 currently highlighted. As shown in FIG. 1. the may be travelled by a simulated communication unit. At step 
communication unit 113 provides less of a source of inter- 65 403. the speed and interference measurement are stored 
ference than the base station 111. as the circles are smaller corresponding with the location. If there are more locations 
and further apart to be stored at step 405. the process continues with step 401. 
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If there are no more locations at step 405, the process 
continues with step 407. At step 407, a map is displayed 
including a selected simulated communication unit at a 
selected geographic location. At step 409. the geographic 
location is highlighted on the map while providing an 5 
indication of the corresponding interference measurement 
for that geographic location. In the preferred embodiment, 
the geographic location is highlighted on the map by high- 
lighting a simulated communication unit at the geographic 
location. The indication of the corresponding interference 10 
measurement may be a visual indication or an audible 
indication. A visual indication may be a series of objects 
emitting from a source, such as base station 111 or commu- 
nication unit 113 from FIG. 1, and some form of the 
visualization would provide the intensity of the interference. 15 
For example, the objects emitting from the base station 111 
may be darker, larger, and/or closer together than the objects 
emitted from the communication unit 113. which are smaller 
and further apart indicating that there is more intense 
interference source in the base station 111 than in the 20 
communication unit 113. Alternatively, an audible interfer- 
ence indication may be provided in addition to or in place of 
a visual interference indication The audible indication of 
interference may be a rhythmical sound, such as rain falling 
or a drum tapping, and may be played as the highlighted 25 
visual indicia 101 moves through the system. As the inter- 
ference increases, the intensity of the rhythmical sound 
increases, either by more rain drops falling in the same 
period of time or more taps on the drum occurring in the 
same period of time, or by an increase in the loudness of the 30 
rhythmical sound, such as the rain or the drum tapping. 

The preferred embodiment of the present invention pro- 
vides three modes of audio playback: 1) static snapshot; 2) 
static time-sequenced; and 3) dynamic time- sequenced. 
Audio playback is made possible with a set of audio files that 35 
are created in advance. With the use of an RF modem (or 
radio link) simulator common in the digital cellular industry, 
error masks may be created that capture the impact of bit 
errors in an arbitrarily long correlated set of speech frames. 
In the present invention, a separate error mask is produced 40 
for several ranges of vehicle speeds and several ranges of 
S/N. These error masks can individually be used to create a 
corrupted audio file by applying the error mask to an original 
(non-impaired) digitally encoded audio track. Audio files are 
created for a range of S/N levels and a range of vehicle 45 
speeds for each time step interval as shown in the following 
table: 





15-23 km/1* 


25-35 km/tar 


10-11 dB S/N 


Fiie I 


File 7 


12-13 dB S/N 


File 2 


FileS 


14-15 dB S/N 


File 3 


File 9 


16-17 dB S/N 


File 4 


Fife 10 


18-19 dB S/N 


File 5 


File 11 


20-21 dB S/N 


File 6 


File 12 
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In the static snapshot mode or the static time-sequenced 
mode, the visual indicia 161 is halted at a particular geo- 
graphic location that is of interest At this time, the user may 60 
request audio playback either based on a snapshot of the 
current S/N and vehicle speed parameters (in mode 1) or 
based on the time-sequenced stream of S/N and vehicle 
speed parameters collected since the beginning of the call (in 
mode 2). 65 

In the static snapshot mode of playback, an audio track is 
selected from a single file created for a specific vehicle speed 
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and S/N. and played through a codec available on 
workstations, such as those available on a Silicon Graphics 
INDIGO 2 Workstation 

For the static time sequenced mode of playback and with 
the use of a time-sequenced stream of S/N and vehicle speed 
parameters, it is possible to splice together segments of 
speech (eg., 1 second samples) to produce a continuous 
audio track using sound editor tools, such as those available 
on a Silicon Graphics INDIGO 2 workstation. This audio 
track can be played back through a codec available on the 
workstation. In the following example, a GSM (Group 
Specialized Mobile) cellular call is simulated in a manner 
known in the art In the example, the call is 60 seconds in 
length. During the course of the example call, a vehicle 
slows from 30 km/hr to 20 km/hr while S/N drops from 20 
dB to 12 dB. In addition, for every 5 seconds of the length 
of the call, the S/N ratio drops 2 dB. After 30 seconds, the 
vehicle speed transitions from the 25-35 km/hr range to the 
15-25 km/hr range. 

Using the static time sequenced mode of playback in 
which the user requests audio playback of this simulated 
GSM call after the visual indicia 101 is halted at a particular 
geographic location that is of interest, five-second samples 
are taken from each of the appropriate audio files (from the 
table above) that correspond to the current time of the call 
(i.e.. an index into a file based on the time of the call). The 
appropriate file is selected based on the vehicle speed and 
S/N ratio at the audio playback time. These 12 samples are 
concatenated together to produce an audio file that is 60 
seconds in length. 

In the dynamic time sequenced mode of playback of a call 
in the preferred embodiment, the user requests audio play- 
back of the GSM call without halting the dynamically 
moving visual indicia 101 at a particular geographic location 
that is of interest. In this example, based on the speed of the 
Silicon Graphics INDIGO 2 Workstation, it is known that 
visual playback requires 1.3 seconds per time step interval 
To allow for variations in speed, 1.5 seconds is chosen for 
the playback time of a simulated 1 second time step interval. 
Therefore, when the user selects audio playback, the audio 
playback time is increased by 50% for each time step 
interval to match the visual playback time which is now 90 
seconds. Thus, an audio playback file is constructed with 12 
audio samples of length 7.5 seconds, which are concatenated 
together. Visualization playback is synchronized to 1.5 sec- 
ond triggers to account for temporary decreases or increases 
in playback time. 

In the preferred embodiment, in order to minimize audible 
transitions between samples being concatenated from dif- 
ferent files, a blend of the two adjoining samples is per- 
formed by fading the old sample out while fading the new 
sample in. This blend occurs over 200-300 ms. As the 
playback of the call progresses, it is possible for the user to 
pause the visualization, although the currently playing con- 
catenated audio file will stop, and no audio will be present 

The present invention may be implemented by modifying 
a system, such as that described in the article 4 TeIetraflic 
Performance of GSM900/DCS1800 in Street Microcells" by 
Raymond Steele et al. in the March 1995 issue of ifrp 
Communications Magazine, to provide the method and 
apparatus as described herein. 

The present invention provides a unique visual presenta- 
tion of the source of interference as well as audio feedback 
for the severity of the interference in a manner that is readily 
discernible in real time by a user without having to sift 
through extensive amounts of raw data. Further, the present 



02/13/2003, EAST Version: 1.03.0002 



5,758,264 



8 



invention provides a mechanism for quickly assessing the 
viability of a frequency plan to avoid unacceptable interfer- 
ence. The method described is advantageous not only to 
examine audio quality prior to deployment of a communi- 
cation system, but also to iteratively test/examine one or 
more geographic locations in a region of interest. The 
present method and apparatus makes feasible test or exami- 
nation situations where replanning, retuning. and 
re-parameterization of a deployed cellular system is imprac- 
tical. 

The present invention provides a method and apparatus 
for processing the large amount of data produced by cellular 
system modelling tools using a visualization tool (hat pro- 
vides the user with a visual and/or audible presentation of 
the progression of calls in the communication system being 
modelled. The visualization method as provided by the 
present invention assists the user in capturing and analyzing 
the data associated with a call in a way that allows new 
information to stand out Both uplink and downlink inter- 
ference problems are pointed out visually using the inter- 
ference presentation features of the present invention, per- 
mitting the user to evaluate whether a current frequency plan 
needs to be reworked, or whether existing handover or 
power control algorithms need to be improved to avoid or 
tolerate the interference. 

What is claimed is: 

1. A method comprising 
detecting a signal; 

at a first geographic location, determining, by a receiver 

moving at a first speed, at least one signal quality 

measurement of the signal; 
based on the at least one signal quality measurement and 

the first speed, estimation a distortion of the detected 

signal; 

producing an error mask based on the estimated distor- 
tion; 

combining the error mask with an error-free audio signal 

yielding a corrupted audio signal; 
displaying a map including the first geographic location; 

and 

highlighting on the map the first geographic location 
while playing the corrupted audio signal. 

2. The method of claim 1, wherein the at least one signal 
quality measurement is an interference measurement of a 
source of interference. 

3. The method of claim 2, wherein the indication of the at 
least one signal quality measurement is provided as a visual 
signal emitting from the source of the interference. 

4. The method of claim 2, wherein the indication of the at 
least one signal quality measurement is provided as an 
audible sound that increases in intensity as the interference 
increases. 

5. The method of claim 1. wherein the first geographic 
location is highlighted on the map as a simulated commu- 
nication unit at the first geographic location. 

6. A method comprising the steps of: 

at each of a plurality of geographic locations, determining 
a corresponding speed and a corresponding signal 
quality measurement from a moving receiver; 



10 



15 



20 



25 



30 



35 



40 



45 



50 
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producing an error mask from the measurement table; 
combining the error mask with an error-free audio signal 

yielding a corrupted audio signal; 
displaying a map including the plurality of geographic 

locations; and 

while playing the corrupted audio signal, highlighting on 
the map each of the plurality of geographic locations 
corresponding to a protion of the error mask. 

7. The method of claim 6, wherein the corresponding 
signal quality measurement is an interference measurement 
of a source of interference. 

8. The method of claim 7. wherein the indication of the 
signal quality measurement is provided as a visual signal 
emitting from the source of the interference. 

9. The method of claim 7, wherein the indication of the 
signal quality measurement is provided as an audible sound 
that increases in intensity as the interference increases. 

10. The method of claim 6. wherein each of the plurality 
of geographic locations is highlighted on the map as a 
simulated communication unit at the first geographic loca- 
tion. 

11. A method comprising the steps of: 

from a receiver moving at a first speed, determining at 

least one signal quality measurement from a signal 

received at a first geographic location; 
producing a error mask from the at least one signal quality 

measurement and the first speed; 
cornbining the error mask with an error-free audio signal 

yielding a corrupted audio signal; 
displaying a map including the first geographic location; 
highlighting on the map the first geographic location 

while playing the corrupted audio signal. 

12. The method of claim 11, wherein the first geographic 
location is highlighted on the map as a simulated commu- 
nication unit at the first geographic location. 

13. A method comprising the steps of: 

at each of a plurality of geographic locations, determining 
a corresponding speed and a corresponding signal 
quality measurement from a moving receiver; 

storing each of the plurality of geographic locations along 
with its corresponding speed and its corresponding 
signal quality measurement, yielding a measurement 
table; 

producing a error mask from the measurement table; 
' combining the error mask with an error-free audio signal 

yielding a corrupted audio signal; 
displaying a map including the plurality of geographic 

locations; 

while playing the corrupted audio signal, highlighting on 
the map each of the plurality of geographic locations 
corresponding to a portion of the error mask. 

14. The method of claim 13. wherein each of the plurality 
of geographic locations is highlighted on the map as a 



storing each of the plurality of geographic locations along 60 simulated communication unit at the first geographic loca- 
with its corresponding speed and its corresponding tion. 
signal quality measurement yielding a measurement 
table; 
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